Aims: Limited data exist concerning outcomes of patients with non-ST-segment elevation acute coronary syndromes (NSTE ACS) with no angiographically obstructive coronary artery disease (non-obstructive CAD). We assessed the frequency of clinical outcomes among patients with non-obstructive CAD compared with obstructive CAD.
Introduction
A small proportion of patients with non-ST-segment elevation acute coronary syndrome (NSTE ACS) have no significant obstructive coronary lesions detected at coronary angiography. [1] [2] [3] [4] In patients with a clear diagnosis of NSTE ACS, the absence of obstructive coronary artery disease (CAD) upon angiography is always puzzling and calls into question the appropriateness of the usual therapeutic approach. Indeed, these patients have no indication for coronary revascularization, 5 and practice guidelines recommend that patients found to have non-obstructive CAD are discharged rapidly or shifted to a different management strategy. 6 Based on this, these patients are often reassured that they have no significant disease and have an excellent prognosis. As a consequence, they are significantly less frequently treated with secondary prevention agents, both in the hospital and at discharge. 7 More than one-third of women with myocardial infarction (MI) and no angiographically obstructive CAD (nonobstructive CAD) may have plaque rupture or ulceration when examined with intravascular ultrasound. 8 Also, recent data suggest that patients with typical symptoms of ACS but without critical coronary obstruction on visual angiography have a prognosis that may not be as benign as previously thought. 3 The uncertainties regarding the prognosis of patients with non-obstructive CAD are reflected in the unstable angina/non-ST-segment elevation myocardial infarction 2011 guidelines focused update, which indicates (with level of evidence C) that antiplatelet and anticoagulant therapy should be administered to these patients at the discretion of the clinician. 6 No large study has compared the outcomes of NSTE ACS patients both with and without angiographic evidence of obstructive CAD. Therefore, using data from eight randomized clinical trials that enrolled patients with NSTE ACS, we examined the frequency of non-obstructive CAD and the outcomes of these patients compared with those with obstructive CAD.
Methods

Study population
Patient-level data from eight large randomized clinical trials (GUSTO IIb, PURSUIT, PARAGON A, PARAGON B, SYNERGY, PRISM, PRISM-PLUS and EARLY ACS) were used for our analyses. [9] [10] [11] [12] [13] [14] [15] [16] The key features of these trials are summarized in Supplementary Table 1 . From 51,132 patients randomized, we included all patients for whom angiographic data were available (n=37,101 (73%)).
Data collection and clinical endpoint definition
Baseline demographics, medical history, medications, procedures, complications and clinical events were collected prospectively on the case report form for each trial. Each trial also collected information on the degree of coronary obstruction in major epicardial coronary arteries (Supplementary Table 1 ). Based on angiographic results as reported in the case report form, patients were classified as having non-obstructive CAD if no major epicardial vessels or their primary branches had ≥50% luminal stenosis. Thus, the group with non-obstructive CAD includes both patients with stenoses of <50% and those with angiographically normal arteries. Patients with previous coronary artery bypass grafting were assigned to the obstructive CAD group.
The primary endpoint for the current analysis was the composite of death or MI at 30 days. Secondary endpoints included all-cause mortality at 30 days and six months (sixmonth mortality was not available for PRISM or PRISM-PLUS) and the following composite endpoints at 30 days: death or spontaneous MI (i.e. procedure-related MI was excluded from the MI endpoint) and death, MI, or recurrent ischemia requiring urgent revascularization.
Statistical methods
All analyses were performed with SAS software, version 9 (SAS Institute, Cary, NC, USA). Categorical variables are reported as counts with percentages, and continuous variables are reported as medians with interquartile ranges. The Global Registry for Acute Coronary Events (GRACE) risk score was calculated for in-hospital death and in-hospital death/MI using validated algorithms. 17 Factors included in the calculations were age, systolic blood pressure, heart rate, serum creatinine, Killip class, ST-segment change and enrolling MI.
For each trial, we examined the rates of the primary and secondary endpoints according to extent of CAD (nonobstructive versus obstructive). We conducted a metaanalysis employing random effects modeling to pool these rates and generated both unadjusted and adjusted summary odds ratios (ORs) (95% confidence intervals (CIs)) across all trials for each endpoint for the comparison of patients with non-obstructive CAD versus obstructive CAD. Adjusted comparisons considered the following baseline characteristics derived from prior modeling and risk scores: age, sex, weight, enrolling MI, prior percutaneous coronary intervention (PCI), prior MI, diabetes, and systolic blood pressure. [18] [19] [20] To determine whether sex differences in nonobstructive CAD persisted after adjusting for baseline characteristics, random effects models for death/MI were created. First, sex and the sex-by-CAD interaction were tested when no other baseline covariates were included, followed by inclusion of baseline covariates.
Our study complied with the Declaration of Helsinki. All patients enrolled provided written informed consent, and the trials were approved by the institutional review boards and ethics committees of participating sites. Use of trial data for the current analyses was approved by the institutional review board of the Duke University Medical Center.
Results
Patient population, baseline clinical characteristics and medical treatment
Among 37,101 patients included in the analyses, 3550 patients (9.6%) had non-obstructive CAD. The prevalence ranged from 6.9% in EARLY ACS to 13.0% in PARAGON B. Overall, 17% of women and 7% of men had non-obstructive CAD. Non-obstructive CAD patients were younger, more were female, and they were less likely to have diabetes mellitus, previous MI or prior PCI (Table 1) . Among the 3550 patients with non-obstructive CAD, more detailed angiographic data were available for 2001 patients, among whom a normal coronary angiogram (0% stenosis) was present in 995 (50%), and 1006 (50%) patients had a coronary stenosis >0% and <50%.
Patients with non-obstructive CAD were treated slightly less often with guidelines-recommended pharmacotherapy before angiography (Table 2) , and this difference increased after angiography.
Clinical outcomes
Primary and secondary endpoint rates with ORs (95% CIs) among patients with non-obstructive CAD versus obstructive CAD are displayed in Table 3 . Thirty-day death or MI occurred in 12.2% of patients overall and was much less 
Risk stratification within the non-obstructive CAD group
Discussion
In our analysis of 37,101 NSTE ACS patients undergoing coronary angiography, one in 10 had non-obstructive CAD. Although these patients had significantly lower risks of 30-day and six-month ischemic events and mortality, their risk was not negligible: more than 2% suffered death or MI by 30 days, and 1.3% died by six months. These findings underscore the need to better understand the mechanisms of NSTE ACS in the absence of obstructive CAD and to appropriately evaluate the best treatment strategies for this important subgroup of patients.
Prevalence of non-obstructive CAD
The prevalence of non-obstructive CAD in reports from randomized clinical trials of ACS patients has ranged from 9.1% to 14%, 2, 3 and is similar to estimates reported from population registries. 4 Our results are consistent with and extend those from previous studies, providing important insight into both clinical factors and study design that may influence prevalence estimates. We found that several baseline characteristics were more common among patients with non-obstructive CAD, including female sex and younger age. Conversely, patients with non-obstructive CAD less frequently had diabetes mellitus, peripheral vascular disease or a history of CAD. These differences may reflect mechanistic differences in coronary disease development and NSTE ACS in patients with and without obstructive coronary disease. For example, women are believed to more frequently have plaque erosion and thrombus without obstruction and less luminal encroachment of plaques. 21 Study-related factors may also influence observed prevalence of non-obstructive CAD. First, not all patients Values are presented as n/total (%) unless otherwise noted. ACE: angiotensin-converting enzyme; BP: blood pressure; CAD: coronary artery disease; CABG: coronary artery bypass graft; CHF: congestive heart failure; ECG: electrocardiogram; GRACE: Global Registry for Acute Coronary Events; LLAs: lipid-lowering agents; MI: myocardial infarction; PCI: percutaneous coronary intervention; PVD: peripheral vascular disease. a ECG changes = transient or persistent ST-segment depression of more than 0.5 mm; persistent, definite T-wave inversion of more than 1 mm; transient ST-segment elevation of more than 0.5 mm lasting less than 20 minutes. presenting with a diagnosis of NSTE ACS ultimately undergo angiography, creating selection bias (including selection of those with the highest likelihood of obstructive disease, but also those who have no contraindications to undergoing angiography). These factors may have competing effects on observed frequency of non-obstructive CAD; however, if 100% of suspected ACS patients underwent angiography, the prevalence of non-obstructive CAD might be higher than we observed. Second, the prevalence of observed non-obstructive CAD will also likely vary depending on the likelihood of true NSTE ACS in the population studied. For example, EARLY ACS, in which 84% of patients had baseline positive markers and in which patients were selected based on their high-risk characteristics at baseline, had the lowest rate of non-obstructive CAD at 6.9% (despite that 97% of patients underwent angiography). A prevalence of 7.4% was reported from a single center in which >90% of patients underwent angiography and alternative diagnoses were actively sought. 7 A 7.5% prevalence equates to >100,000 patients each year with NSTE ACS in the United States alone 22 who are found to have non-obstructive CAD. Uncertainty regarding their risk and best medical treatment may explain why we, as have others, 5, 7 found that these patients were less frequently treated with secondary prevention pharmacologic agents, including beta-blockers, statins and thienopyridines, although aspirin use was high and similar across groups (perhaps reflecting protocol-required aspirin use).
Outcome
This large meta-analysis showed that although NSTE ACS patients with non-obstructive CAD had significantly lower major cardiac event rates than did patients with significant obstructive CAD, these rates were not negligible. Therefore, the presence of non-obstructive CAD alone should not justify discounting secondary prevention in NSTE ACS patients. The results of the recently reported Providing Regional Observations to Study Predictors of Events in the Coronary Tree (PROSPECT) Study 23 support this. Among patients with ACS treated with culprit lesion PCI, subsequent non-culprit coronary events occurred at the site of a <50% coronary stenosis in 67% of cases. However, a previous, smaller study suggested that within this group of patients, those with angiographic evidence of some CAD had more events than patients with angiographically normal coronary arteries, and further suggested that the Thrombolysis In Myocardial Infarction risk score may be a means to identify high-risk individuals from among those with no angiographically obstructive CAD. 3 In the Women's Ischemia Syndrome Evaluation (WISE) study of women with suspected ischemia but non-obstructive CAD, 24 five-year cardiovascular event rates were 16.0% among women with coronary artery stenosis >0%-50%; 7.9% among women with angiographically normal coronary arteries; and 2.4% in an asymptomatic control group. The association between non-obstructive coronary artery plaques and subsequent events also has been suggested in a recent study of patients undergoing coronary computed tomographic angiography. 25 The present study found a 30-day rate of death or MI of 3.5% among patients with coronary stenosis compared with a 1.5% rate among patients with angiographically normal coronary arteries. We believe that the persistence of high rates of non-obstructive CAD and stable event rates over time among these ACS patients, together with prior mechanistic and imaging studies, suggests the need to better understand the mechanisms underlying NSTE ACS with 'non-significant' coronary artery abnormalities and associated clinical events in order to shape cause-specific treatment strategies that may include greater use of evidence-based secondary prevention.
Limitations
Only patients who were randomized into a clinical trial and then underwent coronary angiography were evaluated. In addition, angiographic information was limited to the degree of stenosis in coronary arteries, and no information on lesion characteristics, presence of thrombus, or coronary flow was available. Intravascular ultrasound was not routinely performed in these clinical trials, nor were invasive measurements of coronary reactivity or microvascular function. Coronary stenosis was measured by visual estimation by experienced angiographers rather than by quantitative evaluation, consistent with clinical practice worldwide. However, regardless of how precisely measured, the angiogram of a complex lesion poorly represents the real lumen size. 26 Also, some patients enrolled in the trials may have had clinical conditions that mimicked NSTE ACS, such as myocarditis, rather than 'true' NSTE ACS, despite meeting trial entry criteria. However, this study was large and included patients with NSTE ACS based on objective clinical trial entry criteria. Finally, although data on cardiac markers were available in 99.8% of patients, in the earlier studies CK-MB was used rather than troponin. The hypothesis that the use of troponin may have increased the specificity of NSTE ACS diagnosis is supported by the fact that the prevalence of non-obstructive CAD is >10% in earlier trials but <10% in the more recent trials using troponin as a biomarker.
Finally, most trials in our meta-analysis collected only all-cause mortality, and we cannot provide reliable estimates of mortality strictly related to CAD. However, the expected six-month mortality rate of patients aged 55-64 years in the United States between 1999 and 2006 was <0.5% (0.47%, Centers for Disease Control and Prevention data); thus, the observed 1.3% mortality rate does appear to describe an additional risk related to the NSTE ACS episode above that in the general population.
Implications
The present study suggests the need to reconsider our approach to secondary prevention among patients with a typical clinical picture of NSTE ACS and non-obstructive CAD. Reassurance of an excellent prognosis is inappropriate in light of a 30-day risk of death or MI >2% overall and >3% among patients with minimal coronary artery abnormalities (>0% but <50% stenosis). Our study should also prompt: 1) the development of more precise tools to better risk-stratify NSTE ACS patients with non-obstructive CAD and 2) the conduct of prospective trials to assess the benefit of intensive medical therapy in these patients.
Conclusions
Among patients with NSTE ACS, one in 10 had nonobstructive CAD, and the 30-day rate of death or MI in these patients was >2%. Compared with patients with obstructive CAD, patients with non-obstructive CAD experienced lower rates of major cardiac events but remained at substantial risk and should be treated accordingly.
